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SUMMARY: A modification of the standard beam-optics of the LBL 88-Inch Cyclotron now makes it practicable to use cyclotron radiations in the detailed study of the effects of linear energy transfer (LET) in the radiation chemistry of organic compotmds in the solid state. Dosages and dose-rates are comparable to those employed in conventional y-ray studies. The modification involves passing the focused beam through a pair of "beam-sweeping" electromagnets so that a circular target area up to 10 em in diameter can be tmiformly irradiated with beams in the nanoamp range. Yield data are given for the radiolysis of the Fricke dosimeter with beams of H+ W 2 , Be+li, c+ 6 and Ne+ 1 0 at -10 MeV per nucleon. Preliminary data' on the effects of LET in the radiolysis of solid glycine are reported.
MOst of our knowledge of the chemical actions of ionizing radiations on biochemi=al compotmds has been derived from studies involving fast electrons produced either directly by an accelerator or secondarily through the absorption of X or y radiation. In recent years, the increasing interest in the effects of high-energy heavy-ion beams on biological systems 1 ' 2 has emphasized the need for expanding our knowledge of the effects of linear energy transfer (LET) in the radiation chemistry of biochemical compounds both in the solid state and in aqueous solution.
We have undertaken such a study using the 88 inch cyclotron at the ,.
Lawrence Berkeley Laboratory as the radiation source. This is a sector focused machine capable of producing fully-stripped ions up to argon at maximum energies 2 .
of i x 140 MeV where Z is the charge of the accelerated ion and A is the mass of the particle in proton units3.
* This work was performed under the auspices of the U.S. Energy and Development Administration In adapting the LBL 88 inch cyclotron to the radiation-chemical study of biochemical systems we use a pair of '~earn-sweeping" magnets so that a circu-* lar target area 6 em in diameter can be uniformly irradiated with beams in * With a 6 em aperture we. use a 19 ~aluminum foil 'window' to contain the cyclotron vacuum. Larger areas can be irradiated with the present equipment but the 'window" thickness must be increased to withstand the pressure differential. We are presently using this low-flux facility in the study of LET effects in the radiolysis of the simpler a-amino acids and their peptide derivatives.
Preliminary data on the radiolysis of solid glycine by H+ and c+ 6 at 10 MeV/nucleon are given in Table 2 . Results previously obtained with y-rays are included for purposes of comparison. Although it is not our intent here to present a detailed consideration of LET effects in the radiolysis of solid glycine, we would note, however, that withy-rays the major products annnonia, acetic acid and glyoxylic acid have been shown to arise as a consequence of ch . 8 . arge separat1on 1.e.
(1) (2) followed by
where steps 3,4 occur on dissolution of the irradiated sample in o 2 -free water.
With y-rays, essentially all of the electrons escape the postive charge and are removed via the reductive deamination reaction 2. This also appears to be the case with 10 MeV protons which also have a relatively low LET. However with the c+ 6 beam we observe a pronounced decrease in the yield of products derived from the charge-separation reacts 1,2. A high LET radiation such as c+ 6 at 10 MeV/nucleon produces a track which is comprised of a core of high ionization density surrounded by a sheath of lower ionization density which is formed by the secondary electrons ejected from the core. g,lO Since it is in the regions of low ionization density that reactions 1-4 can occur, it would appear then that approximately one-half the ion-pairs produced on absorption of a 120 MeV c+ 6 ion in solid glycine are produced in the sheath region. 
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